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16 Abstract 

/ A representative area of Appalachia surrounding Charleston, West Virginia i « 
analyzed in terms of existing helicopter traffic patterns and communications 
facilities. Traffic patterns were established from telephone interviews w.ith 
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from computer generated coverage contours obtained from the Electromagnetic 
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Charleston pointed in a southerly direction, the use of mobile radio tele¬ 
phone to permit pilots to access nearby telephone facilities when on the ground 
at a remote site, short range less than 150 mi'es, hf radio, and a discrete 
frequency for exclusive use by low-flying aircraft. 

FAA activities directed at improving communications to helicopter liaffie 
flying to and from offshore oil and gas platforms in the Gulf of Mexico is 
presented in an Appendix, v 
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PREPACK 


This report discusses the air ground communications problems and possible 
solutions for low flying aircraft and helicopters in Appalachia. It 
also documents FAA activities directed at improving communications to 
heavy helicopter traffic flying to and from offshore oil and gas 
platforms in the Gulf of Mexico. 

The major effort on this task was concentrated on Appalachia although a 
related problem exists in the Gulf of Mexico. The report describes the 
Southwest Regional plan for low altitude communications over the Gulf 
of Mexico as documented in appendix A. Implementation has already begun 
and if completed as planned will result in vastly improved communications 
to the low flying aircraft in this area. 
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ski Tin:: i.o 
SUMMARY 


1.1 OVERVIEW OF PROBLEM AND CONSTRAINTS 

A significant problem confronting the northeastern region in Appalachia 
is providing reliable communications to the rapidly increasing helicopter 
traffic flying to and from sites engaged in coal mining operations on the 
rugged terrain of the western slope of the Appalachian Mountains. The 
area of concern extends from Charleston, West Virginia to Bristol, 

Tennessee. The terrain is characterized bv high steep hills surrounded 
by deep, narrow valleys into which helicopters must frequently fly. The 
helicopter thus is often located in an airspace that is either completely 
shielded from all normal ground based EAA communications facilities, or 
if within range of a ground facility, may 1ind that the facility is 
occupied with traffic generated by one or more high altitude aircraft 
which have line-of-sight access to many ground facilities. Communicati<>- 
with air traffic control, flight service stations, VOR/DME, terminal 
facilities, and towers is often marginal at best. At many unimproved 
sites where helicopters are required to land, the nearest telephone 
outlet may be located at a distance of several miles. Large gaps exist 
in low altitude communication coverage that could lead to hazardous 
flying conditions. Low flying aircraft and helicopters share the same 
airspace as low altitude VER military training flights and they are often 
unaware of these flights because of the lack of communications. 

While the problem exists throughout Appalachia, this report is restricted 
to a representative area surrounding Charleston, West Virginia which 
includes Charleston, Beckley, Rainello, and Henderson. This area is con¬ 
sidered typical of all Appalachia. Problems and solutions encountered 
therein should be directly applicable to similar problems encountered 
throughout the area of concern. 

1.2 SUMMARY AND CONCLUSIONS 

A representative area of Appalachia surrounding Charleston, West Virginia 
was analyzed in terms of existing helicopter traffic patterns and 
communications facilities. Traffic patterns were established lrom teh pi-o n 
interviews with pilots flying this area regularly. There did not appear 
to be a highly regulated and consistent set of flight paths due to tin- 
transient nature of the mining operations. Communications coverage was 
->t'rninet' from computer generated coverage contours obtained from the 
Electromagnetic Compatability Analysis Center (ECAC) through the EAA Spec¬ 
trum Management Branch. These data were confirmed by pilot interviews and the 
report of a single flight test previously conducted by the FAA Technical 
Center. Several possible methods for improving coverage in the area of 
study are evaluated. The changes include: 

(a) Installation of two additional Remote Communication Outlets 
(RCO) located in the mountains approximately 10 miles west ot 
Beckley, West Virginia and another 10 miles to the south at 
Flat Top Mountain. This option is considered less cost elitctivi 
then option (b) following. 
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(b) Installation of a high gain, southward pointing, directional 
antenna at Charleston, West Virginia. This option is 
considered more cost effective than option (a). 

An alternative to the use of conventional vhf radio is to utilize low 
power hf communications. The U.S. Army has considered this option for 
use with their operational helicopter forces which are freqently required 
to operate in difficult terrain. Implementation of hf radio will require 
the assignment of several frequencies in the overcrowded spectrum 
between 2 to 8 MHz. A study should be made to determine the availability 
of frequency assignments in this band before implementation. 

Mobile radio telephone equipment should be installed at remote mine and 
construction sites to assist pilots in reaching nearby telephone facilities. 
This would allow filing of flight plans and checking on weather and over¬ 
head air traffic conditions. A discrete frequency should be assigned 
for exclusive use by low-flying aircraft and helicopters. 

The agreement among the theoretical coverage contours, the limited 
flight test data, and results of pilot interviews lends confidence to 
use of computer-generated coverage plots as a useful communication 
planning aid. 
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SECTION 2.0 


TRAFFIC AND COMMUNICATIONS 


2 . I TRAFFIC AND COMMI'N 1 CAT IONS toy FRAU- 

This subsection provides the results ol a telephone questionnaire 
directed to II pilots typical of those Dying regularly in this 
area. This number represents roughly one third of all helicopter 
pilots and helicopters based within the sample area as shown in table 
I. The purpose of the questionnaire was to establish traffic patterns, 
helicopter concentration and areas of poor communication. The major 
concentration of helicopters is in Charleston (14) and Beckloy (6); 
other helicopters are scattered throughout the area as shown in 
table 2- 1 . 

The base locations ot 31 helicopters and typical flight paths flown by 
the eleven sampled pilots are shown in figure 2-1 and the data indicates 
that there are no well defined corridors that pilots consistently fly. 
Their destination can be anywhere in the area and is primarily to 
unimproved mine or construction sites as well as major population centers. 
Flight altitudes range anywhere from 500 to 6000 feet above ground. 

In general, there is no formal corporate flight dispatcher assigned. 
Flights are made, weather permitting, at the request of company execu¬ 
tives or other supervisory personnel. Each pilot interviewed maintains 
a personal log of all flights made. Just what constitutes a flight is, 
however, not as well defined as in the case of fixed wing aircraft. 

Some pilots indicated that they consider one flight to consist of a 
complete itinerary of landings provided the' engine was not shut down 
at each en route landing. 

Only a minimum number of flights carry cargo or spare parts. Most Dights 
are for the purpose of transporting passengers to remote areas that are 
more easily accessed by helicopter than by road. 

2.2 PILOT REPORTED COMMUNICATIONS COVERAGE 

Most pilots interviewed recognize that communication to FAA facilities 
is poorest at the low altitudes south and southwest of Charleston, near 
Logan, and Williamson due to shielding by the terrain. It was very- 
difficult, if not impossible, to obtain the exact boundaries of poor 
communications from pilot interviews, however, general locations were 
readily available. 

Flight test measurements made in the FAA Convair-580 (N-49) confirmed 
the reported lack of communications. 1 Flight measurements showed that 
communications became unusable approximately 12 miles south of the 
Charleston airport at 1000 feet above thi ground. This, however, 
represented only one point on the overall coverage contour. Theoretical 
computer-generated plots defining all points on the coverage contour 

1 Coyle, James, ANA-100D "Appalachian Region Air/Ground Communications 
Investigation" Trip Report, May 1980. 


3 



TABLE 2-1 

HELICOPTERS BASED IN THE SAMPLE AREA 


Charleston 
Beck ley 
Nitro 

Barboursv L Lle 
Beaver 

Crab Orchard 
Clay 

Crait:esvi 1 le 
Lewisbe rg 
Gilbert 
Logan 

Mallory Airport 
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have been prepared utilizing the facilities ol the K1cctromagnetic 
Compatability Analysis Center (ECAC), Annapolis, Maryland, and are 
presented in figures 2 through 5 of the following section. The ECAC 
data agrees almost exactly with the single flight test at 1000 feet 
AGL. The agreement between theoretical contours and measurements 
lends confidence to the theoretical techniques as a powerlul tool in 
communications planning. 
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SECTION 3.u 


RADIO COVERAGE - EXISTING 


3 . 1 RADIO COVERAGE FOR LOW-H.UNC HC!■'AET 

This section provides the resaJ(s « > a theoretical i uvestipat ion into 
the radio coverage provided by FAA facilities to lov.-i lying aircraft 
in the representative area. The radio covl r.i/,c contours produced by 
omnidirectional antennas located at Charleston, Beokliv, Kainelle, and 
Henderson for aircraft at elevations o! |<j, NOt), 1000, and 1500 feet 
above ground are shown in figures 3-1 through 3-4. the contours shown on 
these plots identify the approximate' limits of radio coverage provided 
by the indicated FAA facilities to low-flying aircraft at elevation 
increments from ground level up to 1500 feet. 

This sequence of plots identifies specific "holes" of missing communica¬ 
tions coverage to the south and southwest of Charleston and verifies the 
flight test and pilot reports of poor, low-altitude communications 
capability in this area. Coverage gaps diminish in extent as the aircraft 
altitude increases, but they persist in the extreme southwest region 
around Logan, Williamson, and neighboring areas of Kentucky and Virginia. 

This coverage gap is due primarily to relatively higi; (to 3500 feet) 
intervening mountain ridges just west of Beckley in the Kopperston, 

Bolt area. 

A mountain peak near Boll, West Virginia is located on the coverage 
contours, where, on the ground elevation contour, figure 3-1, a small 
isolated area, on the northeasterly slope of the mountain is shown 
illuminated by radiowaves emanating from Beckley. Even at higher ele¬ 
vations, however, coverage does not extend very far beyond this point. 

The computerized plots are comprehensive, covering the entire representative 
area. They were obtained from the ECAC's terrain database and computer 
programs which they have developed. Their program computes the power 
density in dbm/m 2 that would be obtained for aircraft at any point in the 
entire airspace above the representative area. The computer is also pro¬ 
grammed to draw the contours of constant power density as has been 
illustrated in figures 3-1 through 3-4. 

The power density contours take into account the terrain between the 
ground transmitter and the aircraft, the elevation above ground level 
of the aircraft, frequency, atmospheric and ground constants, but are 
independent of aircraft antenna and radio characteristics. Coverage 
contours are thus applicable approximately to those aircraft that meet 
FAA standards.‘ Aircraft that exceed standards may experience extended 
coverage, while aircraft whose receiving capability has deteriorated below 
standards may find their coverage restricted to regions smaller than 
that indicated. 

2 U.S. National Aviation Standard for VHF Air-Ground Communications 
System - FAA Order 6510.6, 11/11/77 
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FIGURE 3-1 

)10 COVERAGE CONTOUR PRODUCED I5Y OIINIDIRECTTONAI. 
:NAS at CHAKEEC'IDN, RAIHELLE, BECKLEY AND KENDERf 
(a) 9U Contours 
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FIGURE 3-2 

RADIO COVERAGE CONTOUR PRODUCED 3Y 051NIDJ RECT IONAL 
. r.NNAS A,' CHARLESTON, RAINELLE, BECKLEY AT- HENDERSON 
(a) 90 dbm/m' Contours 
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FIGURE 3-4 

"AGE CONTOUR PRODUCED BY OMNIDIRECTIONAL 
CHARLESTON, RAINEl.LE, BECKLEY AND HENDER 
(a) 30 Tbm/rU Contours 





Computer-generated radio coverage data in significantly more detail are 
provided by the power density plots presented in appendix C for those 
who may wish to determine the power density provided at any point in the 
three-dimensional space above the sample area from ground up to an ele¬ 
vation of 1500 feet AGL. These plots permit determination of power 
density contours other than the -90 dBm/m' discussed in this report. 

They may be used to determine the power density profile encountered by 
aircraft flying any arbitrary flight path including aircraft on the 
ground. 

Coverage realized by a particular aircraft will be influenced largely 
by the VHF antenna used. In most cases the VHF antenna is mounted in 
front of the mast on top of the cabin. Other locations include the 
underside of the belly or boom. Omnidirectional patterns are desirable 
but very difficult to achieve in practice. Antenna patterns will vary 
from helicopter to helicopter. Nulls deeper than 10 db may be experi¬ 
enced in the horizontal pattern while 20-db variations are possible in 
zenith. 



SECTION 4 


IMl'ROVI KENiS - FUTURE 

4 . I COMMUNICATIONS IMPROVEMENT RECOMMENDATIONS 

This section addresses various chamrs that could he incorporated within 
the area analyzed to improve the capability to communicate with low- 
fLying helicopters. The suggested changes are representative of those 
which could be evolved from a similar assessment of other areas of 
poor communication coverage in mountainous terrain. The recommendations, 
except for those related to hf radio installations are based cn the 
premise that no large changes to the helicopter structure or antenna 
system would be acceptable to the many small operators involved. 

4.2 IMPROVED RADIO COVERAGE 

Computer-generated radio coverage plots of the previous section were 
used to reliably identify the coverage provided by existing facilities. 
Reliability of the theoretical technique was substantiated by 
comparing its predictions with results of a pilot's questionnaire and 
comparison with data gathered in an FAA Tecnnical Center flight test. 

In this section we use the same techniques to predict the coverage that 
can be obtained from planned, hypothetical antenna facilities located 
at Charleston, Bolt Mountain, and Flat Top Mountain. Theoretical 
coverage contours resulting from the addition of radio facilities at 
these locations are illustrated in figures 4-1 through 4-12. Power 
density plots for each location are presented in appendix C. 

The hypothetical improvement incorporated at Charleston consisted of 
installing a high-gain antenna pointing in a southerly direction. Results 
are shown in figures 4-1 through 4-4. The plots predict that, at 500 
feet AGL and above, virtually all coverage gaps with the exception of 
those in the extreme west and in the area surrounding Williamson are 
filled. Additionally, at ground elevations, there are a number of high 
terrain areas that will permit direct communications to Charleston. 

4.3 COMMUNICATIONS TO AIRCRAFT BELOW 500 FEET AGL 

In spite of potential improvements in coverage for aircraft flying at 500 
feet or above, the problem remains of providing communications to air¬ 
craft that are flying below 500 feet or that have landed in a valley. Tb re 
aircraft are effectively shielded at vhf frequencies 1rom all communi¬ 
cations facilities. Establishing an KCO in each valley is not practical; 
however, several viable technical approaches appear to offer a feasible 
solution. 

4 .4 ADDITIONAL RCO'S 

At least two areas have been identified where an additional RCO might 
prove of some benefit in improving communications to low-flying, aircraft. 
These are Bolt Mountain about 10 miles west of Beckley (discussed pre¬ 
viously) and Flat Top mountain, approximately the same distance to the 
south of Beckley near the West Virginia turnpike. Computerized radio 
coverage plots from omnidirectional antennas placed at both o! these 
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(c) Antenna - TACO Y102B adjacent to new ASR tower 





:ONTOURS PRODUCED BY HIGH GAIN ANTENNA AT CHARLESTON 
(a) 90 dmb/m' Contours 
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RADIO COVERAGE CONTOURS PRODUCED BY OMNIDIRECTIONAL ANTENNA AT BOLT MOUNTAIN 

(a) 90 dbm/rrL Contour 
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ADIO COVERAGE CONTOURS PRODUCED BY OMNIDIRECTIONAL ANTENNA AT BOLT MOUNTAIN 

(a) 90 dbm/uC Contour 


















locations have been prepared to assist in making aav sit. decisions j:u: 
appear in figures 4-5 through 4-12. It appears Itu'tt figures 3-1 thsou. ii 
3-a that both these mountain ridges tend to limit coverage hevoiul them 
from FAA facilities at Hockley, Rain, lie, and Charleston. 

Coverage contours for Flat Top (figures 4-9 through 4-12) tailed to show 
any significant improvement in radio coverage to the area southwest o! 
Charleston, whereas, with the exceptionol the area surrounding 
Williamson, and RCO located at Holt Mountain (figures 4-5 through 4-8) 
will provide significantly improved radio coverage to aircratt southwest 
of Charleston. These improvements, however, are not s i gni 1 icant 1 v hitter 
than those achieved by simply installing a high-gam antenna at 
Charleston (figures 4-1 through 4-4). The cost of installing, a new Kl'.O 
at Bolt as opposed to merely installing a high-gain antenna .it Chari, stun 
appears to make this option not cost effective. 

4.4.1 A DISCRETE FREQUENCY TOR LOW-FLYING HELICOPTERS 

Tire difficulty experienced by low-altitude aircraft and helicopter * 
in accessing the common receive-only facilities at tin flight 
Service Station outlets at Rainelle and Heckley may he considerah 1v 
alleviated by the assignment of a discrete low-altitude freqrj.. ncy 
lor their use. 

4.4.2 VERTICAL POWER DENS TTY FLIGHT PROFILES - CHARLESTON S. B0L1 

To further assess the radio coverage improvements provided by the high-gain 
antenna at Charleston and the installation of a new KCO at Holt mountain, 
vertical power density flight profiles of a typical I light between Charleston 
arid Logan at en route elevations of 1000 feet AGL and 3000 feet ACL are 
presented in figure 4-13 for conditions before improvements and after 
improvements. (Vertical power density profiles are obtained from the 
power density plots of appendix C; any arbitrary flight profile mav be 
obtained in a similar manner). 

The shaded areas of figure 4-13 represent flight altitudes at which the 
signal at the aircraft is too weak to be usable by a standard radio 
receiver meeting FAA standards. 2 

The improvement in signal strength provided merely by the installation 
of a high-gain antenna at Charleston is apparent by the reduction of 
shadow area. For this particular flight, improvements provided by the 
Charleston high-gain antenna are greater than those provided by an RCO 
at Bolt Mountain. (Note that the vertical contours of figure 4-13 are 
for altitudes above ground level hut do not indicate the actual profile 
of the ground between Charleston and Logan. 

A.5 MOBILE RADIO TELEPHONE 

Mine sites at which helicopters Land may extend over a wide are, so that 
when a helicopter lands at an unimproved site, it may he at a distance 
of several miles from the location of the mine telephone installation. 

At minimal expense to the mine operators, a mobile radiotelephone system 
can In installed with a base station located when the telephone cable 
terminates. This would permit access to the telephone system bv any 
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mohi ii i ' •:.( i n.- tie! i copti rs when on i hi- ground and within 

St vcv.t! :::ilo , : , ; ■ 1. bon-' ti ion) b\ t .. .s et .1 low-cost mobile 

terminal perm: tt i.i. t :n t ■ • dial .i i ••• t t 1 y in- > tin- telephone system 

t i niv. wherever thev happt n to be o-i tin- a’itit site. The helicopter pilot 

could then reach tin jppr- •)»r i tl e a ' i t : a : ! ir control tacility in order to 
tile [light plans, cheek :i weather conditions, and he alerted and receive 
not i f i eat ion oi current or imminent activity >:i neathv low-level military 
training routes. Sue:. i pm>--i« , it »ppi «>vc d , is ava i lablc today, off 
the shelf, at non; it t) cos! . Fill appr- -x i mat i cost i or .1 t < ansmi t/rece i v- 

base station, hardwired i ..to tin t. li phone system, is about $5000. I lu 

approximate cost lor the m*-bi t ransmi t/ri-ce lv< unit varies I rom 
about $1800 to $2o00. 1 re se cost s seem sma11 reiut . vt to the 
hone tits oi saietv to pilots, passous - rs, and helicopter investment. 

An alternative might be to clearly mark the telephon 1 ocation so that 
it is visible from the air and ensure a clear area adjacent to the 
telephone tacility for helicopters to land. In this way, pilots ran 
make an intermediate short flight to the telephone prior to leaving 
the site. 

4.(i HF COMMUNICATIONS - NEARLY VERTICAL INCIDENT SKY WAVE (NVIS) 


Because of the near Line-of-site limitations in the use oi vhf communi¬ 
cations, other users, including the U.S. Army, are looking into the 
use oi the hi band for communications to aircraft on the ground or 
flying below 500 feet AGL. 

The Army has investigated the use oi short range hi using single hop 
skywavo propagation also known as Nearly Vertical Incident Skywave 
Fropaeation (NVIS). It was found that a small segment of frequencies 
between 2 and 10 KHz will support reliable communications, regardless 
of the terrain or time of day. 

The study addressed the band of frequencies which, when sent into the 
ionosphere at a nearly vertical angle, will be returned to the earth 
at a near point not to exceed about 150 miles in distance and with no 
skip zone characteristics. Because propagation is hv skywave mode, the 
path loss tor all cases is 120 db +_10 dB. Therefore, neither high- 
power nor highly efficient airborne hi antennas are required. In the 
absence of high ambient noise from electrical storms or traffic on 
the oand, low-efficiency antennas such as 2 to 10 percent and an average 
power of 50 to 100 watts peak SSB is sufficient when operating over a 
frequency range of 2 to 10 I'THz. 

Effective radiation for short-range skywave propagation can he achieved 
by causing the excitation of the entire airframe. Tail whip, open and 
shorted transmission line antennas were evaluated. The shorted trans¬ 
mission line had superior gain characteristics in an azimuthal or 
horizontal aspect. The open transmission line was considered as the 
second best choice. The shorted transmission line had a gain of -18.6 dBd 
at 2 KHz to -5.2 dBd at 8.8 MHz lor an average gain of -13 dBd. 

Details of the hi tests are documented in report FCOM-4366. 1 

J Compact Ml' Ant cttn.i - Nov . 19/5, A t rav i-lli ef v"ti i es Command , Foil ''on-tout , 

N’t w rs<■ v , 









4.6.1 SUMMARY OF SIGNIFICANT ADVANTAGES OF NVIS 

a. Path loss does not increase with ground range but is essentially 
constant at approximately 120 +10 dB. 

b. Because propagation is nearly vertical at all times, there is 
no terrain shadowing that is characteristic of satellite 
systems which require a low angle of incidence depending 
upon the position of the satellite in geostationary orbit. 

As an example, strong NVIS signals may be received in 
narrow valleys where satellite signals would not be 
available. 

c. The coverage contour is terrain independent and will appear 
circular whether over the ocean or in rugged terrain such as 
West Virginia. 

d. Signal-to-noise computations show that transmitter power 
requirements are modest, perhaps 50 to 100 watts. 

e. Low-efficiency antennas in which the airframe becomes part 
of the antenna can be used. 

4.6.2 SUMMARY OF DISADVANTAGES OF NVIS 


a. Several frequency assignments in the band from 2 to 10 MHz 
must be available. 

b. Optimum transmission frequencies must be continuously 
predicted or established via test circuits. 

c. At present, radio equipment is very expensive — on .the 
order of $30,000 per aircraft. 

d. Antenna exciters approximately 10 feet long must be installed 
along the side of the aircraft. 

4.6.3 THEORY OF NEARLY VERTICAL SKYWAVK PROPAGATION 

It has been known since the days of Marconi that radio signals in the 
2 to 10 MHz band, when launched vertically, are returned to earth via 
reflection from the ionosphere. The big economic payoff in the early 
days was long distance communications via ionospheric refraction. The 
use of hf radio for short-range communication via nearly vertical skywave 
was largely neglected. The physics of skywaves that are vertically 
incident on the ionosphere is well understood. The hf propagation theory 
presented in the following paragraphs places emphasis on the physics of 
short range, nearly vertical incident skywave, as >pposed to traditional 
treatment which places the emphasis on extremely long range propagation. 
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Ultraviolet light anti a corpuscular lorm of ionizing radiation originating 
in the sun ionize the outer portions oi the earth’s atmosphere. This 
ionized region, or ionosphere, consists ot tree electrons, positive- 
ions, anti negative ions in a raretied eas. The ionosphere will bend 
(refract) radio waves entering it as though it had a lower refractive 
index than air, or a refractive index between zero anti one. 

The amount of bending experienced bv a wave incident upon the iono.-t 
at a given angle depends upon the eiiective refractive index of the 
ionized medium. The refractive index depends primarily on the electn 
density and frequency of the incident wave. 

It we assume that there is very little change of electron density 
in the space of one wavelenglh, the retractive index may be written 
as : 

. _ / SIN ( 1 ) 

t-’ * ~r 

where : 


= retractive index = ^dielectric constant - I 
N = electron density in electrons per cubic centimeter 
f = frequency in kHz 

Equation I shows that the refractive index is lower, the higher the 
electron density and the lower the frequency. 

According to Snells law, the angle ot retraction is given by: 


sin 0o 
sin <b 


( 2 ) 


whe re : 

03 = angle of incidence of wave entering ionosphere 
0 = angle of retraction 

= refractive index 

4.6.5 VERTICAL INCIDENCE REFRACTION - CRITICAL FREQUENCY 

It follows from equation 2 that a wave striking, the ionosphere with 
verticaL incidence (0o = 0°) will be returned to earth when the retrac¬ 
tive index is reduced to zero because 0 = 90° (the condition for total 
retlection). Under this condition, the relation between electron 
density N and frequency f corresponding lo p = 0 is from equation 1 

f v = V ' 8!N (3) 


'•Radio Engineering - Eroder i e Emmons To man - MeCraw Hi I! Hook Compunv, 1950 
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or the rt-qu i ri 1 t iu’t mn density is: 



As the : requency o! a wave returned by the ionosphere at vertical 
incidence is increase ), the require'.: electron density increases as 
shown by equation 4, and the wave penetrates iarther into the iono¬ 
sphere until the maxi mum electron density 01 the layer is reached. If 
the frequency is increased still iurther, the wave passes through the 
layer because the electron density is not sufficient to return the 
wave. The frequency at which the wave just barely penetrates the 
layer at vertical incidence is called the critical lrequency 
and, in this case, is commonly used as a measure of the maximum 
electron density in the laver. 


f = f -max = ,/81N max = critical i requency 

c v J 

Equations 1 and 2 may be rewritten: 


/l 


8 IN 


sin 0o 
sin $ 


( 5 ) 


( 6 ) 


when there is total reflection lrom the ionosphere at any angle of j 

incidence 0 = 90° and J . 


Vl - 


8 IN 

T 7- 


= sin 0 O 


solving for f 


(7) 


V 8 IN 


\f I - s in* 0o 


V /81N sec 0 


( 8 ) 


Equation 8 shows that, at vertical incidence when 0 3 = 0 and sec 0 P = 1 , 
the maximum frequency returned to earth is the critical frequency 
f c = \/8"lN, but as the angle of incidence deviates slightly from vertical, 

required by NVTS, 0 O begins to increase slightly above zero and sec 0 3 
increases slightly above unity so that frequencies greater than the 
critical frequency will be returned to earth. 

4.6.6 VIRTUAL lil I. ill 

One of the most important quantities in skvwave transmission is the 
effective or virtual height. Referring to figure 4-14, this is the 
height of a hypothetical rellecting surface in free space foi 
which the travel time of the wave is equal to the travel time ol 
the wave in the actual ionized medium. In the case of vertical inci¬ 
dence transmission, the virtual height is the distance obtained by 
multiplying the velocity of light by one-half the time required for 
a pulse of radio energy to travel up to the ionosphere and back. 


J I 


A 

I 

! 








LOWER EDGE OF 
IONOSPHERE - 


B 



FIGURE 4-14. GEOMETRY FOR VERTICAL AND NEARLY VERTICAL 
INCIDENCE ILLUSTRATING VIRTUAL, HEIGHT - 
(PLANE IONOSPHERE, CURVATURE OF EARTH 
NEGLECTED) 
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It may be shown, in the case ol' a plane ionosphere, that the virtual 
height as defined above is the same as the height of the triangle 
formed by extending the straight Line portions of the NVIS wave path. 
Referring to figure 4-14, this means that the time required for the 
wave to travel over the actual path IKK is the same as the time 
required for the wave to travel over tin path TAR with the velocity 
of light. This relationship may be used to calculate the time required 
for a wave to travel from the transmitter to receiver. 


For short ranges such that the curvature of the earth may be neglected, 
the geometry of figure 4-14 shows that 


tan 2 0 o «= 'Ll!. ( 9 ) 

h' 

by triginometric identity 



i 



therefore from equation 8 



where 


h' is the virtual height 

d is the range between receiver and transmitter 
f = the frequency 
N = electron density 

In the case of a plane ionosphere (e.g., range is short enough so 
that the earth curvature may be neglected) the distance traveled 
by the NVIS as a function of ground range and can be computed 
from figure 4-14 to be 


D 


2 h' 


cos 




( 12 ) 


where 

I) = distance traveled by NVIS 
h' «* virtual height 

d = ground distance between transmitter and receiver 
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Thus tor short ranges, say when 

0 • d ■ h', h' = 300km = 13* mi 


then from equation (12) 

( 2h ') < 1> ' 1 . 12 (2h ’ ) 

Indicating that there is only a 12 p. rcvnt chance i:. t:m I i stance 
traveled by the NVIS wave when the ground path is increased 1rom 
0 to about 186 miles. This corresponds to approximately 1 db chance 
in path loss. Theretore, ior all p-actical purposes, the path loss 
via NVIS may be considered constant lor short around ranc.es up to 
about 186 miles. 


4.6.7 THE FREQORNCV OF OPTIMUM TRANSMISSION (F<»r> 

As described earlier for vertically incident waves, a critical 
frequency exists above which all radiation penetrates th» ionosphere 
and is lost in space. As the incident ray is lowcrtd trom vertical, 
less bending is required to return tht 1 wave to earth; thus, frequencies 
higher than the critical frequency can he used (demonstrated by- 
equation 8). For long distance propagation, a term called the Ml'F 
(maximum usable frequency) is used to identity the highest frequency 
that will be returned to earth at very long ranges. The Ml'F is 
generally several times greater than the critical !requenev ((Jo 
approaches 90 c and sec 0 O gets large in equation 8). In the case ol 
NVIS, however, because propagation is always nearly vertical, the MOV 
approaches the critical 1requenev and is only slightly larger titan it. 

Loss ol energy Irom the wave as it enters the ionosphere can be 
attributed to two phenomena; absorption, due t ■ petting ions in motion, 
which is greater at lower frequencies, and loss dm to energy passing, 
through the ionosphere as the frequency increases and approaches the 
MUF (a little greater than the critical frequency). 

Thus, in vertical skvwave propagation there exists a compromise; the 
frequency used for transmission must always be lower than the Ml'F yet 
not be so low as to be absorbed by the ionosphere. A Irequenev window ;n 
be thought to exist which contains a frequency of maximum reliahi1it y. 
This frequency is called the FOT (Frequency ol Optimum Transmission). 

As described earlier, the electron density of tin ionosphere is caused 
by radiation from the sun, and therefore, there will be a diurnal varia¬ 
tion of the FOT. A typical plot showing the daily variation in the FOT 
is illustrated in figure 4-15. 

Computerized techniques exist for predict ing the It’i and MUF. Printouts 
a sample of which is shown in table 4-1, were obtained by users trom 
f he Propagation Agency, II.S. Army, Fort Huachuca, Arizona, for 
particular NVIS propagation paths. The propagation window can thus 
be predicted ahead as much as 6 months with reasonable accuracy. 
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FTOURE 4-15. DIURNAL VARIATION OF FRF.OUF.NCV OF OHIMI'K TRANSMISSION (FOT) 


TABLE 4-1. HE FREQUENCY RELIABILITY COMPUTER PRINTOUT 
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A practical scheme for determining the best frequency to use for a 
particular communication system that has access only to a limited 
number of frequencies is to scan all available frequencies periodically 
and choose that frequency displaying the best signal-to-noise ratio. 

This scheme can be implemented practically between two fixed stations 
of the system that are less than about 150 miles apart. 

4.6.8 NVIS PATH LOSS CALCULATIONS 

For practical purposes, the NVIS path loss may be thought to be composed 

of three component losses: 

L i = L d + L ta + L f 

where 

L^ * Spreading loss due to up and down path distance 
L = Ionospheric absorbtion loss (turnaround loss) 

13 * 

L * Loss incurred by not operating at the FOT 
f (L f - 0 db at the FOT) 

4.6.9 SPREADING LOSS AND TURNAROUND LOSS, T.d & Lta 

With the assumption of a 300km-higb ionosphere (e.g., h' = 300 Km), 
the spreading loss L^ is calculated o vary between 108.41 db for 
a perfectly vertical path (ground r.-.nge d * 0) and 109.4 db when 
the ground range is 186 miles, a change of only 0.99 db. Results 
taken from numerous soundings reported in reference 3 indicate a 
total loss including the turnaround loss L of 

) 10 db < L < 130 db 

indicating a variation in turnaround loss of 

I db < L. < 21 db 
ta 

4.6.10 NON-OPTIMUH FREQUENCY LOSS, LF 

This loss in indicative of the penalty that must b t paid fur not having 
an assigned frequency corresponding exactly to the FOT. This penalty 
will vary with the time of day and the number of MHz removed from 
the FOT as indicated in figure 4-16. 

Figure 4-16 indicates the penalty is most seven in the early morning 
(0600 to 0800) and late afternoon (1600 to 1900) and less severe 
at midday (1000 to 1400). When removed approximately +2 MHz from 
the FOT, the penalty may be as high as 25 db. At + 1 MHz removed, the 
penalty may only be as high as 10 db in the morning and afternoon and 
less than 4 db at midday. In order to limit I.j to no more than abeut 
10 db, a sufficient number of assigned frequencies should be available 
to permit operation always within about +1 MHz of the FOT. If a 25 db 
penalty can be tolerated, frequencies available should fall within 
+2 MHa of the FOT. 
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EXTRA EXPECTED LOSS (-dB) 


EXTRA EXPECTED LOSS WHEN OPERATING AT A FREQUENCY 
CLOSE TO THE BEST CHOICE FREQUENCY if ) 
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4.6.1! TRANSMITTER POWER REQUIRED TO ACHIEVE A GIVEN ST'-AL TO NOISE 
RATIO AT THE RECEIVER ~ 

The transmitter power required as a function of receiver signal-!o-noiSc 
ratio is given by the following equation 

P T - h + S/N ♦ N a - G t - C R (14 ' 

where 

p = Transmitter power in db/yv 
l] = NVIS loss db 

S/N - Signal to noise ration in db 
N a * Atmospheric noise db/yv 
G-p = Gain of Transmitting antenna dbi 
G r = Gain of receiving antenna dbi 


TABLE 4-2. REQUIRED TRANSMITTER POWER AS A FUNCTION OF SIGNAL 10 N01< 
RATIO ATMOSPHERIC NOISE AND ANTENNA GAINS 


1 10 db < L. < 130 db 

l 







Transmitter Power 
Required 


S/N 

N a 

g t 

Gr 

Px 

Pj 

Pj * 


db 

db4au 

dbi 

dbi 

db/yu 

dbm 

1 

1 

20 

-10 

0 

0 

130 

+ 2 3 

200 f!W 

2 

20 

-10 

-10 

-10 

150 

+4 3 

2 waits 

3 

10 

+ 10 

-10 

-10 

160 

+5 3 

200 watts 


The power required to achieve a useful signal-to-noisc ratio tor tin..' 
cases was computed using equation 14 and is summarized in table 4-2. 
Table 4-2 illustrates that the transmitter power requirements are mo.iest 
and not at all analogous to what is required in long distance h: rudi ■. 
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FIGURE 4-17. TKANL INK INSTALLED ON KAIL LOOM OF HEI.K'Of 








TABLE 4-3. SUMMARY OF MEASURED TRANLINE ANTENNA PATTERN CHARACTERISTIC 










4.6.12 AIRCRAFT ANTENNAS FOR NVIS 


One of the primary problems o! providing, hi communicat ions to small 
aircraft and helicopters is the lack of physical space tor conventional 
hf antennas. The approach used by the Army (reference 3) to solve 
this problem is to make the entire airframe the antenna by means of 
suitable excitation techniques. It was tound that the best excitation 
was produced by antenna concepts based upon the unbalanced shorted 
transmission line principle. 

A sketch of a shorted transmission line coupler (called a Iraniine) 
attached to a helicopter tail boom is shown in I inure 4-17. Test results 
for this antenna measured at LCOM (reference 3) art sunmun i zed in 
Table 4-3. The patterns appear close to omnidirectional except for 
the higher frequencies where the airtrame approaches a quarter wavelength 
and the patterns take on a figure eight shape typical of a dipole. The 
values of gains presented in table 4-3 show that antennas need not be 
highly efficient to provide reliable NVIS propagation. 

4.6.13 IMPEDANCE OF THE TRANT INF 

The impedance of the Tranline at low frequencies is highly Inductive 
with a very small value of resistance, and a suitable coupler must be 
provided to match it to the transmitter or receiver. If. can be 
compared to an air-cored coil, and the most efficient method of 
obtaining impedance matching is to simply bridge the antenna element 
with a variable capacitor as though it were a coil and then adjust 
the shunt capacitance to resonance. This method is suitable up to the 
highest NVIS frequency. 

4.6.14 EQUIPMENT FOR NVIS COMMUNICATION 

Several hf airborne transceivers are available today that can he adapt o<. 
to NVIS communications. Some of these are listed in table 4-4. 

It should be noted that equipment listed in table 4-4 is tor military- 
service and may perhaps be modified for commercial service at costs 
considerably less than indicated in table 4-4. 


TABLE 4-4. SOME TYPICAL HF RADIO EOUTPMFNT THAI (AN BE ADAPT!'! 
FOR NVIS COMMUNICATION (NOT COMPREHENSIVE) 


MFS 

Type 

Approx. 1981 

Price 

Antenna 

1nt ended 

Use 

1 i iq , 
l-lltz 

Trans . Si mv> t i 

Power ,,v to 

Watts 10 db S 

Collins 

7L8V-5 

32K 

A i rbo me 

2- SU 

1 00 

Racal 

TRA6900 

1CK 

Kanpuck 

2 - 1 h 

10 

Hughes 

AN/PRC-104 

- 

Manpaik 

/- JO 







4.6.19 HF SPECTRUM AVAILABILITY FOP. NVIS 


NVIS will require several frequency assignments in the traditionally 
overcrowded 2- to 8-MHz band. Frequency assignments may not be readily 
available to implement NVIS unless a sufficiently strong argument 
for its use can be mounted based on low-flying aircraft densities, 
public service, and interference potential to other services presently 
using hi radio in conventional ways. 

Before adopting NVIS for FAA use, it is recommended that a study be 
made into the hf frequency availability based upon: 

1. Low-flying aircraft traffic densities, 

2. Interference potential with other services using hf radio, and 

3. Frequency reuse. 

The following questions must be answered. 

How much do they interfere with normal long-range hi services where 
signals are launched horizontally and receivers are thousands of miles 
from the transmitter? 

NVIS launches waves vertically, and the service area is confined to 
within about 150 miles of the base station. There is a large skip zone 
surrounding the service area, and signals propagated beyond the skip 
zone are severely attenuated. Is it possible, therefore, to reuse NVIS 
frequency assignments in adjacent service areas without serious 
interference between neighboring NVIS systems or remote service areas 
beyond the skip zone? Just what are the separation criteria? 






APPENU 


IX A 

FAA ACTIVITIES DIRECTED AT IMPROVING COMKl'N 1 CATION'S TO 
HELICOPTERS IN THE GULF OF MEXICO ! 


1.0 GULF OF MEXICO OFFSHORE OPERATIONS ~ air/ground communications 

Concentrated planning efforts have been underway in the Southwest Region 
since early 1979 on expanding helicopter IFR/VFK operations in the Gul t 
of Mexico. Various Washington offices, oil and helicopter industries, 
and all organizational levels of the region were involved. 

2.0 REQUIREMENTS 


a. Today, a large force of helicopters operated by the oil companies 
and by transportation service companies provides air transportation for 
the more than 2,000 oil and gas platforms located in the Gulf. The 
helicopters are used to transport personnel, crew support supplies, well 
drilling and service equipment, etc., in support of every facet of oil 
and gas exploration, development, and production. This presently entails 
about 580,000 aircraft movements and 3,400,000 passengers carried annually. 
Nearly all the operations are presently conducted VFR. 

b. One of the transportation service companies, Petroleum Helicopters, 
Inc. is flying IFR offshore on a very limited basis using VLF Omega for 
navigation and company operated communications and weather observation 
stations. Fourteen IFR routes have been established in the Gulf predicated 
on, but not actually depending on, the radials of VOR's located along the 
Gulf shore. These routes are not in the common public use airway system 
but are available to all users by application under FAR's. 

c. With the increased costs of oil exploration/production, the emphasis 
on increasing domestic oil production brought on by energy shortages, and 
advancement in helicopter capability in recent years, there is now a definite 
and immediate need for expanding the operation, especially IFR capability. 

d. As a result of a November 9, 1978 letter from the Helicopter Safety 
Advisory Committee and coordination at the FAA regional director level, 
planning efforts to expand the Gulf helicopter operations, which were started 
in 1974 but later dropped, were renewed. A special task force made up of 
oil and helicopter, FAA and National Weather Service (NWS) representatives 
was established to explore problem areas, exchange ideas and identify needs 
for offshore helicopter activity. A series of working meetings have since 
been held, and it has been determined that the most critical need for 
expanding IFR/VFR operations is direct pilot to FAA facility communications. 

3-0 COMMUNICATIONS PLANNING 

a. A/G communications are to be provided in the Gulf area from about 
180 miles east of New Orleans, Louisiana, west to Galveston, Texas, and out 
to about 150 miles offshore. 


The primary source of this information was Federal Aviat ion Adm i n it i it i 
FY 1980 Cost Estimates, RIS BU2500-5, Federal Aviat ion At 1 ini n i st rat on , 
Washington, D.C. 20591, undated internal document. 
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Locat Lon 


Coverage 

Houma Airport (New Orleans) jOO to 7,000 feet MSL within a 30 

nautical mile radius of the airport. 

Only VHF communications are required tor all of the above for use with 
civil aircraft in the area. There is tie requirement for I'HF communications 
for use with military aircraft. 

b. Engineering studies conducted by Aeronautical Radio, Inc., under a 
contract with the FAA Southwest Region engineers resulted in recommendations 
for the following 18 A/G outlets to satisfy the coverage requirements: 



Houston ARTCC 


Terminals 


FSS ’ s 

(1) 

Sabine Pass 

( 1) 

Sabine Pass (Beaumont) 

( 1 ) 

Morgan City 

(2) 

Intracoastal City 

(2) 

Cameron (Lake Charles) 


(New Orleans) 

(3) 

Venice 

(3) 

hit racoas ra l City (l.a; aye L t e ) 

(2) 

Venice (New 

(4) 

High Island 582 

(4) 

Morgan City (New Orleans) 


Orleans ) 

(5) 

West Cameron 587 

(5) 

Houma (New Orleans) 

(3) 

Vermillion 24 5A 

(6) 

Vermillion 245A 




(New Orleans) 

(7) 

Eugene Island 330 



(4) 

South Timbalier 

(8) 

South Timbalier 190 




(New )rleans ) 





' 5 ) 

High Island 582 


(Hous t or. 

c. Plans are to establish conventional facilities onshore in existing 
leased space on the airports except that battery standby power is proposed 
in lieu of engine generators. The offshore facilities are to hr located on 
oil company platforms with plants items, including shelter and art nna support, 
to be provided by the owner to meet FAA requirements. Primary power would 

be provided from the platform engine/generator supplied system with FAA 
batteries for standby. 

The existing RTR facility at Houma Airport is to be used and colloca¬ 
tion of outlets is planned at the following locations to reduce the number of 
new sites that will have to be established: Onshore at Sabine Pass, Intra- 
coastal City, Morgan City, and Venice and offshore for High Island 332, 
Vermillion 245A, and South Timbalier 190. In addition to these 7 new 
collocated sites, 3 others are planned at Cameron onshore and West Cameron 
587 and Eugene Island 330 offshore for a total of 10 new sites, 5 onshore 
and 5 offshore. 

d. Remoting of the onshore outlets is planned via leased commercial 
telephone circuits. Remoting of the offshore outlets is planned via leased 
circuits on existing oil company microwave systems between th° offshore 
platforms and the onshore terminating points of the microwave systems, and 
then leased commercial telephone circuits between those points and th*- 

FAA controlling facilities. 
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e. Current plans are t «.> both in-tail a:nl :::.j Lm <: a Uk . It ct routes 
equipment utilizing I'AA personnel in I he isu.nl ui.r.iu. i but recog.n iz in" t li.it 
the offshore facilities will present some new urn ui Merer. t problems. A 
regional contract for helicopter t r.mspnrl .it i"ii ei p< rsorme 1 o' us as- 
required basis is planned. \ propos. d special maiutt nance ivih cpt lor tin 
offshore facilities will t>. develop. ■! et.i suhtni 11 • <1 !>v separ.it e rot re- 
spondence to the Airwav l-'ac i 1 i t ics St rv ire . Cotiee' tt tied id lofts will 
also be made to expedite Remote Maint. nance Monitor in.- tor tin u!fshot. 
sites from the ongoing program tor RCAC 1 s. 

4 -° implementation 

a. The following priority order tor implement inr tin plann.nl A/('. out 1. is 
was developed jointly by the EAA and oi 1 /he 1 icopter industry repiesent.it ivi s 
at the October 11, 1979 task force meet inr.: 

(1' Intracoastal City - ARTEC, and Terminal 
Vermillion 245A - ARTEC and ESS. 

(21 Eugene Island 330 - ARTEC. 

(3) Sabine Pass - ARTEC and Terminal 
West Cameron 587 - ARTCC. 

(4) High Island 582 - ARTEC and ESS 
Morgan City - Terminal and ESS 
Cameron - Terminal 

(5) South Timbalier 190 - ARTCC and ESS. 


(6) Venice - ARTCC and ESS. 

b. Plans are to implement the outlets i :i tire abovi or.l. r a - t ipitl 1 \ a> 
possible after funds and equipment are made avail ah). . 


5.0 Status 

Phase I, Intracoast.il City and Vermillion 243C 

a. Two Intracoastal City outlets, 120.35 MHz lor ARTEC and l.'l. "■ I;• 

for the Lafayette TRACON were eommi s sioned on August 15, 1980. Rep. ■ r l , • 

coverage of this facility is good and somewhat more than pi. die:. .|. 


b. Eollowing some delays in geft in. antennas instal le i . V • < i i 1 i. 
245C and microwave links front the plat term to l.alavetti two out I. t s l.'/.i. 
MHz for the New Orleans ESS and 120.35 MHz for the ARTEC w.r. put ir t 
operational test on September 9, 1980 and commissioned on Sepfemb. ■ I., 

1980. 
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APPEND I X I'. 


DEFINITION 01 A STANDAKU AI KODAK!' KECEIVINO SYSTEM 
FOK USE WITH ECAC 1’i.OTS 

The power density at the aircr.itl i> r ; </. <1 i r* > 11 : ! ii< EC'u plot s i s 
Pd = 10 lot; ( —^ j dbx/nr 

\ io" 3 / 

where 

Pd = Power density in <Jbn;/:n• 

W = Power density in watts/;n' 

The power delivered by the antenna to a mate In d e.«l»l« .it the 1 1 rmiaa! 
the antenna is 

Wt -- W Ac 

Wt = Power delivered to matched cahl, -watts 

W = Power density into antenna in Wat. ts/-v 

Ae = Effective antenna apcr.ituro ar 

from Kraus,* page 50, eq. 3-35 for a short dipoli 

Ae = .119 X-' 

at 120 MHz • = 2.5 in 

.’. Ae = .743 nr at 120 MHz 

.. . Wt = 1 0~ ' ( l0R -1 l “il | (.74 3) watts 

\ 10 1 

*Kraus "Antennas", McOraw Mill Hook Co., Inc. 1950 
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in dbm 


Pt 


lU lo; 


i S' f | 


’ 10 


-3 1 


Pt 


10 


\ 


i lb: 1 

io; 


. / 4 1 ! 


Pt -= Pd + 10 lo,’ .74 3 

= Pd - 1.29 db 


The power into the receiver at tin end ol a cable at l_’U KHz in 


Pr = Pt - l.c = I’d - 1.29 - l.c db:n 


Pr 

Pt 

l.c 

-1.29 

Ao 


Power into receiver in dbm 12U KHz 
Power delivered to matched cable in dbm 
Cable loss 

10 log Ae = 10 log .119 -V <$ 120 MHz. 

Antenna aperture in m 


Definition of Standard Aircraft Receiving. System for low i lying, aircra: t . 
A standard Receiving. System has the following components: 


(I ) Standard Receiver per P.S. National Aviation Standard 
for VHP Air to Ground Communications System 6310.6 
Paragraph 3.2.3.1 


Available Received 
Carrier Power Pr 


Percent Minimum 

Modulation (S+N/N) 


- 96 to - 70 dbm 

- 70 to - 10 dbm 


30 b db 

30 29 db 


(2) A cable loss of no more than 3 db. 

(3) An antenna equivalent to a short dipole 
Effective aperture A =0.119 ' 

or gain over isotropic of 1.76 db with VSWR Mss than 2.1. 


The power into the receiver is obtained from flic power density, .«s plidt.d In 
the F.CAC plots, by means oi the followin'- equation. 
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Pr = Pd - 4.29 db 

Pr = Power into the receiver in dbm 

Pd = Power density from KCAC plots in dbm/ni 

4.29 db includes Lite cable loss oi j db and the eilectivi- ipertm 
of a short dipole at 120 MHz. 


The operator may determine his coverage capability by comparing bis receiver 
system with the Standard System. If it is better he will experience 
greater coverage, if it is poorer he will experience poorer coverage. 
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APPENDIX C 


POWER DENSITY PLOTS FOR APPALACHIA 

(a) Power density plots, Charleston, Rainelle, Hockley, Henderson, 

(b) Power density plots, Charleston, High Cain Antenna Pointed South. 

(c) Power density plots, Charleston, Rainelle, Beckley, Henderson, Bolt 

(d) Power density plots, Charleston, Rainelle, Beckley, Henderson, 

Flat Top 
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• •••••*reCG5GGWMGGGExiFN6rrrwIGHNHNF ffc.h Jhwnhhij» iiiii(iiiiiimim>iM«M immimimmimi iiiimimmimimii 

MGt UHlHHfiHGrGIGMGSNjGrrGrrGGGHGGGtGGHG IIGFGGGGGHMMJlflKMrGGGtHlGGGJlGGMr, nrf, r. jjmhGjk&hmklI I Gm& Gmmi • 1 JN ♦ l 11 • 

•iGSSMGHJM6MMFGG6HMGGGGFFFFFMmGGGFGGNHHGGHGGGGGGGHGHIHHF 1HIIGGNJjGGG M GGHGl*HHKRi..>lJjHbGGlMlH!I mmmmk^ccLjR1T hI•• 
tlGMGFM IW6 GjGGF6FGFGG6GFGGFFFGGhG GGGjGGGSHHMMHHHMOF G I l J I H&MHGM I KMH J JK IHGI M | IHI I ] Jl jhmG&IH JM] I* I JHIHj*«UJK *1 

• •SM6WGHGIGTGGfiHGG^ ^ GHFGGGGrGHHGHHGHGHGrGMMWHGHGGGrrM1 JIHMGhGHG tiHJlMUJ1JJHGGHjjI MRj1 IhmmR j mnI w I jl j I jI jL•m l 11L I • 

■ •6l66HGWlGFrbEHM&FfFGrGGHFGFrnGGMGHGwGHGGHMGFGFGGGGGGMHljjjMGJH»<JJRKKJj^MGHHKjRJlHjIlHNKjMjBMllBjliIlLi»«MlJ**lt 

f C 6WF&WMNF Ffr&G66SFFG c GFGGGF&HFHG hF &WHHMHGGGGGG GF F T F F r WHG I J I HGHGf IM I HHMI IkJImgILRJM 1 J 1 1 JR hm ; JK m |1 JJ* I 11JMI• 

»GG1 XGGHGG6GGFrGrF6FGGGGf»r»GGGGGwr,FGGGHGGGHG IMhkfGhmMmgGGGjh Ik ICGmIImkImmI JTU ImijujjuUHIhmm 

• JHGMGG66MHGGGGGF FG6GGG6GFGGGF0FG6FF GMGGGFGGGIJGW6I IM HRGGmIMJMmJ 1JIGJ1 * IJGGGMMH w JHM JJ« l !mmm 

*WMM6H6G66G6GGGGWGG6GFGGFGGGF FCf OEC GWGGGHIGGHIIMGGGFmm&NIImGGhrJGJIImmGIkmmgmmjimjImjjkjJmmhIImjjhmmIImjjjIMhM 

■ MMH6&HMGGGGMGWMGF5G6FGF0FFF OOOE EE FGFGM6GFr mHHGGGGFFGHHMJIIJHGGMMMG&GGGhIIIGIIGhkhui jj«IhmhjImhkm* jmj»hk|LI t 
»SHMHKHKKGG6G6GFrFFrFFF0000B*C0EFFGFr,G6rFFF6&FGI6G6HMFGGMHMDr»MGHJl IGG6 GHIMhGTImm jNlOjlMhSGNMRRRJKFRRlIwI**!»••* 
•f FFGGGG6EGG6FFEFEEECODOECO* *Cf CF t F f. 11 r r * FFGSf r F F 6GF F mGGF f r £ 7f F r MI I I IJF r fwwf hjjhF„ji| h6n!&M«jjjI!JJJ!I jmGGIL J*I 

• FFfCFfMGMGFCfOCECr^GECECCrCCCrEFEE frnFFOt GGGbf CGFFFnIf EICfEFGGGGM! jlIr £ rG«JI hghmjIm[I 6G r lI F GurI I * jk fGF1 mFIR jl• 
*irC66CtfMr»OCFEf.C?^tGOtFErcOCOOOi:CGFrGtFMFFFrG|rrcno» Hf FMECf FrrGrrGHMMrrrr,Hn I JI IHMF GGjrFF IK 1 | J : Ik jlJ*r ijl II j«> 

• 166FFffiMMFFfGfCrfJFHCrFOCCDCCtDFEGf » FF GGxFtfh J FODFtc FFFTF FEFHrFFFMIMHI mghwIGmkIW f ^ Jlwr MMjlJKJJ1 i j j hfmjrkkmm*II 
*rffGlfOFfHFMGrtGfGtCt^FDOCCOOOf FFFGCF cr» M©CGI60fCCFFrS IC^CE TNIHMII IE HUMJlJCIJlII^ hjhFIJK J1r a I* IJGNK IM! 
•CFGESlHHHFrrtGFf o? GEEEOFOCCCCFDOFOr GFGwwinCHGr FHGGCF CFEFFEE^ FGEHmmgf I X M ! J JJM j I f h j j i r. jJjhmjIGjk j *■ j! I* J m j m£« j j* t 

I »0GOFfWG JMFhMEMFGEOGFFCOC CBCECODDECE MMGFGMHEHC1 0F£HMt FF m IMNMGM6HCGTFFE m I j jkk I r GGG mjj v jjjjjT„j %j r„rm;■ jjj jr I m«• 
•F IGE F hGH IHIHGGEEECGFOtOOCFBGFEOCCOE MMFFCGFfHGFCFEGMTGGEGEOFEGlNME GhhIJJKJjnmfFkjIC. ri h]]kmmjjk j jJmih!««rr16jjiI 

■ E6IMFWFM II II GG IFF HE CF 0 F C G GOC OF OF OC F Gt 11HUGE f K G T F f E E r, HF GGm I hG GF F NF J j I JRR JEM jr uF m jk I m jk h j j* * « k r JGGn ! J* I G I!* Jl • 

IS JII lUECMHGl&’FHlFCMOUFGrcCOGGrGt DDGF Ihhmg C E E F H f E F. EE i G E G ! r.f M I r m j jk k j jk j j jr ’ . jrnji j» immuSM 

IJ6E I IGFMMf CCGCEHFOOPOCFGrFOGOGGFECfrrf FGFFOEFHEEEl t€ FfG.;HJFCf IJJJKK I JJHfGI J J ! r I jk ■ j jk t. i f j jk m 1 k h hr I r m 

IMG I IFEIGFEf HEFCCDEPFFEFEEGGOPOGFECcrGFEGDOEEFtEEFFGFGf HMIMGF I jrmjkjk I E G JH J JI r IJ h jr j j.' k k k k j j jk mg I R J JR R JR HF| l 

1 f V IGI HGH JHGmF f.HMOEt 0HGEFE6C EGGtf GFGGCE6F0FEEEHF FFhFEMII F I I IFIrG11 MGjjjFGf &fnl Jhkjjmk jJmhuui j I J J J J J« * L R L jnGhi • 

■ iGFFtHI t IGHFH6GHr,FFC00EEE OEGODGFHGhgFGFCOEEGEHFHIEGI mFhggFG I IlGCMFMGI&EGlG!JJKK«JJKjGIJKKKHl*IlJjRRRRlHJ6lJMt« 
** JCCC I IWFHMFFECnFcGCtFODFCGGCEOCCGODOfOCCE hGEHGEh!JJEGEGJF JJJHIGJGMIFF 6 I!Gm jjr* kkkkhIk jjjjkkhhIRK jkji i l«JGIJ■• 

• ■JHFHGFrEMHEH» OHGFHCHFECEFOGOCrCCO&CF CCCDE0E6IHHITI IF HF ErFIJHFI MMJ1 IFFJJIFFJJKJJKK JJ 1 IF I K K pm mFhJKKK KKKRK JiJGti 
It IGGMFGFCFFWCMHMFEMHCOEGHMCHGGGF FFOEFDFCGFOOrr EOFIFFFGMGGIJJIIIIFFMF oi^f Hf IJGIJJRIHIJJIjr« jjJMJRI»n«*RKRRRGE• 

• 11HI GF GF GF GMt BOt'FE 6H0CF C.FFMMOCC G CHHGGOOOOOOCE GlFf T GMGMG J JJ JHF G JF GF I r G J J jjm j 1 h J j J I F GF jk k« l k j j jG jl k k R ■ * l L I J« • J& • 

• *IMHIiHlMEGFtSOGFGGOOOMf00HFOFFGCFI FGEGGCCCCpMSIHIHUIJJJIF I FE FCFE hCGJJJIJGGjJRRGIJIRkKjkjj]]1jjl ri, t«LjF jc11R• 

• •6FHU6FGrGE6MH&:)rDFGF0n0Fr0D r FFF*GHFp00CCD0EGIT;GrMHGJnHGJHCGHEFlGGI JJGFFmif Ikkk jkkkk jkkk jbl JJRKLL JRRJRCELL • 

l»CGJjGEGM000FGHMFC0HE0000G000CEGHHCDDCCC006MHHHFFFrFFGGEGJFJIIJMEFGGFFr jjmGHk iRRRKlJjjKKKjrvjJKRKjRllRjtLLLLLI 

• »FW JFf D&60FGFOFHtFOOIHOPDEOFFf;EHOOFCOGFGGOGMMMHlFW JGHI GE wr,E MF MG I F C G JME M J 1 J JR JR K R R « j JR k kk r k j if. J j JMFmF JK l L L L L L L ■ 

• If IIFEOEEDOMGDHFCFtr00001FOEEEGOGGGUOEfMMfCHFrrFhlHFtTFJGIFFtFIFEGJIFI jjikJjjkjjjjrrlJRJ*JRGIJ iG« jIL««L lLILL • 

■■FGlGEHFOOFHHMGOFHIHFEHDCFMGGGOGCEGHFFOGGriCOGFGHG1HFGFGMHGFEEFIIHJjFMJlIHlIFGlJFGjRKJRGFUJfJjJlKRjRtRLLlRLLI 
BBGJlGEMrODOFHHFOEGHlHGHOFGHfGMHHf0DGHWGMWMGDOfCnOFEGGFEFfrF!GIJGHjKjJJJFGriJMJirGGIRKMGFGGJRKRiMKKjjKUtLLLLlLl 

■ •GEFHHMGF GOOGHHGOFMH6FEHHHHMHMHMMHEGHMFHOGHfFOOOIf i l IFGMMEGF J J JG I JI JR J JF C M J Jk JR JftKJlJFlH I R ir« f, JH R R R R J JL L L l L L H* 
*■GGGCO^GHOOFEMHHCGHGCGDEFHHGIFHIHEMGHHOPDDFDOOEGIHGMtHJJJJRlJJJHIKJJRJJIHJIIMJJKMIJJJRJIGHMIRRRJJRLIRRLLILLR 

• IFEFCMMMMOEFGHIIMHGCOOOMHOG&OOFGHFGEFEFOHEFGOIGEOF I TIMIGJRJHFJKRJJRHIJIIRKJR lFlFRRjRJRJJMKjrKLRFMJHGJJlKLRRJII 

■ •F0CG6FFG0EG6ErMMHCODOGOHOCMOCODOCGEOOOEFHlI IwMGMl inOFHIJMEFFFJrjIJIFJJJRRKR«JJRRKRRF«r r rRRJR JRjj 6 r G jj 6 fHII6f• 

• •MCMSCDFFDFGCIOFf EFGOOODMGOOMGODGHOOOOOHlHfFGHMII IHFGHMJIF1MIJJjFHJIKJKIMRKKIGIRJGMIMGHIJJRjG&FjFFFIIGFFMFFII 
11 OFFoINF 1 IFFHMFGeOCHFt&EOMOGHCGtFCHGFFMlMTHEOGF tI 0HM1 IHGFJIKJJJMFFHfMGHJTMf1&F JR1KHF&JHIMJ&GJRGFFFGFfiFIJGGH 

• •0*CECH6MEE0FGI0DDEF8GCG000G1IOEEFHGGIHIGwFEUIIHEGCEOMI iMGGlWffFFGFFGFGFMGJlRR JmrrGF jk* r mFIjwFfFFFSRGJGIH f«• I 

II OOF HOC EMCGFD0EMF0G5F0I0DDII I 10 I JHMFMIMI IHGMFGHGEOCOE mOCEFGGFEEFEEFEFrCEGJLLRRR«ilt»«IIHI**MII»tlll»lflltf 
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APPENDIX D 


ANTENNA TEST DATA 


Characteristics of four modern antennas, listed below, are included r> 
possible facility improvement. 

1. Decibel Products Model DB-224 VHF Gain Antenna 

2. TACO Model Y-I02B-130 VHF Directional Yagi Antenna 

3. TACO Model D-2261A-1 Omnidirectional VHP Antenna 

4. TACO Model D-2276 Omnidirectional VHF Antenna 

The characteristics of the high gain antennas, 1 and 2 above, were moasurei 
at NAFEC as reported in "Test and Evaluation of Air/Ground Communications 
Antennas" by James Coyle, June 1978, Report No. FAA-NA-77-39- Appendices 
G and V of the NAFEC report, which provide the test results, are included 
here in. 




APPENDIX G 


DECIBEL PRODUCTS DB-224 VHF GAIN ANTENNA 


The DB-224 antenna shown in figure G-l is a vertically polarized omnidirectional 
or directional gain antenna that was designed to operate with a center frequency 
of 127 MHz. This antenna was manufactured by Decibel Products, Inc., Dallas, 
Texas, weighs 35 pounds, is 23 feet 9 Inches long, and cost $230.00. Due to its 
size, the DB—224 antenna was shipped to NAFEC in two 12-foot sections for ease 
of handling with each section consisting of two folded dipole elements and a 
cable harness. An omnidirectional radiation pattern is obtained with this 
antenna when all four dipole elements are evenly spaced every 90° around the 
mast. When all four dipoles are aligned on one side of the mast this antenna 
has directional characteristics and is designated as a DB-224E antenna. 
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FIGURE G-l. DB-224 VHF GAIN ANTENNA 
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FIGURE G-2. DB-224 GAIN ANTENNA 


VSWR measurements for the DB-224 antenna are shown in figure G-2. The numbers 
on the left side of the graph represent VSWR values at the antenna terminal 
and the numbers on the right side of the graph represent VSWR values with a 
50 foot length of RG-214 coaxial cable between the antenna and the slotted line. 

Figure G-3 is the vertical radiation pattern for the DB-224E antenna at 
127 MHz. This vertical pattern shows the peak of the main beam to have a 
alight downward tilt and a 17° beamwidth. Figure G-4 is the horizontal 
radiation pattern for the DB-224E antenna which shows the offset directional 
characteristics when the four dipole elements are aligned on one side of the 
mast. 

The gain of the OB-224E antenna measured 6 dB above the standard gain antenna 
(+6 dBd or +8 dBi) at 127 MHz on the peak of the main ;>eam, as shown by the 
standard gain antenna dots on the radiation patterns. In the omnidirectional 
configuration, the antenna measured 3 dB above the standard gain dipole. 













TACO Y-102B-130 VHF DIRECTIONAL YAGI .1NTENNA 


The Y-102B-130 antennas shown In figure V-L are vertically polarized 10-element 
directional YAGI antennas that were designed to operate across the VHF A/G com¬ 
munication frequency band of 118 to 136 MHz. These antennas were manufactured 
by the Technical Appliance Corporation, Sherburne, New York, and coat $202.00 
each, weigh 12 pounds each and are 10.3-inches long and 50 inches high. The 
antennas are shown vertically stacked 10 feet apart and connected together with 
a stacking harness to permit increased gain and skewing measurements. 




FIGURE V-l. 


Y-IQ2B-13G YAGI ANTENNAS 








FIGURE V-2. TACO-Y-I02B-13O lUM'G"! loNAl. YAui ANTENNA 


VSWR measurements for the ant em.a ire sin. wn In : !.•••• t . . be numbers on 
the left side of the graph represent ''•'WR :ues at ... »nt tnn.i t.-rtnlnal and 
the numbers at the right s Id*.- ’I •• .:r ipi. r • ; • e.sen? Vwf .lines with 50 loot 

of RG-214 coaxial cable between t i.e intenna and the siorteu line. 

The single antenna vertical rudiat i u pattern ar i :-1ii.z, in i Igure V-3, 
shows a 50° vertical beaniwidth. "he single ant enra .1 ruoii’ai rauiatlon 
pattern in figure V-4 shows a huriz >utai beantwidth (■ '' . figure V-5 is the 
horizontal radiation pattern tor rwi antenna-. '.vr - 1 . ni c st.ii ked and skewed 0° 
which shows the horizontal beamwidth was reduced :r.-tn t>.'' to 5s" bv vertical 
stacking. Figure V-6 shows the horizontal racist J.a: pattern ,it l ib MHz when 
the antennas are skewed 90° and figure V-7 snows : : (untmital radiation 
pattern when the antennas were shewed 1H0‘. 

The gain of the single iagi intenna meats ;rw - j*' ihove the stanu.ird gain 
dipole (+12 dBd or +14 dBi ’ at 1.3b MHz as sh-ivr* 1 ■ : tie star.dat u gain antenna 
dots on the radiation patterns. The antenna gain:, iiuridsej 3 dB when stacked 
and skewed 0° and decreased 3 .113 when stacked and skewed 180°. 










































VSWR/50 OHMS 



GENERAL DESCRIPTION 
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THEORY OP OPERATION 

The process employed, .u» the L • ;• 2 -s:..a- •>.’=: cj». 

patented Muldipoi'• t:Tni concept Tin ut r l vy 
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